Characterization of the aldehyde dehydrogenase gene families of Zea mays and Arabidopsis.
Cytoplasmic male sterility is a maternally transmitted inability to produce viable pollen. Male sterility occurs in Texas (T) cytoplasm maize as a consequence of the premature degeneration of the tapetal cell layer during microspore development. This sterility can be overcome by the combined action of two nuclear restorer genes, rf1 and rf2a. The rf2a gene encodes a mitochondrial aldehyde dehydrogenase (ALDH) that is capable of oxidizing a variety of aldehydes. Six additional ALDH genes were cloned from maize and Arabidopsis. In vivo complementation assays and in vitro enzyme analyses demonstrated that all six genes encode functional ALDHs. Some of these ALDHs are predicted to accumulate in the mitochondria, others in the cytosol. The intron/exon boundaries of these genes are highly conserved across maize and Arabidopsis and between mitochondrial and cytosolic ALDHs. Although animal, fungal, and plant genomes each encode both mitochondrial and cytosolic ALDHs, it appears that either the gene duplications that generated the mitochondrial and the cytosolic ALDHs occurred independently within each lineage or that homogenizing gene conversion-like events have occurred independently within each lineage. All studied plant genomes contain two confirmed or predicted mitochondrial ALDHs. It appears that these mitochondrial ALDH genes arose via independent duplications after the divergence of monocots and dicots or that independent gene conversion-like events have homogenized the mitochondrial ALDH genes in the monocot and dicot lineages. A computation approach was used to identify amino acid residues likely to be responsible for functional differences between mitochondrial and cytosolic ALDHs.